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. SUMMARY,

An expertimtal investigation is being conducted to titemnine the
effect of verying the rivet diameter and pitch on the ccqressive stiength
of flat 24S-T aluminum-alloy Z-stiffened Wels of the tyye for which
design charts are available. The present part of the investigation is
concerned with panels which have various values of width-to-thickness
ratio of the webs of the stiffeners and have such length that failure is
by local bucldlng ● The results show that for these panels, regardless
of their stiffener widths, the compressive strengths increased appreciably
with either an ticrease h the dismeter of the rivets or a decrease in
the pitch of tie rivets.

INTRODUCTION

The design and analysis of sheet-stiffener panels for aircraft
structures have been the sfiject of extensive experimental and theoretical
Investigations,but the determination of the size and pitch of rivets
for attaching sheet to stiffener is a problem that has not been adequately
solved. In reference 1 chsrts and procedures are presented for the
design of Z-stiffened panels to carry a given intensi@ of loading at
a given panel length. The test data on which these design chsrts were
based, however, were obklned for an srbitrary Mameter and pitch of the
rivets. An investigation is therefore being conducted h the Langley
structures resesrch laboratory of the National Advisoq Committee for
Aeronautics to determine the effect of a variation in the rivet diameter”
and pitch on the strength of 24-S-Talwlmmkal-loy panels with lmgitudinal
Z-section stiffeners of the type for which the design charts of
reference 1 were prepsred.
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Four basic variables
the

The

effect of riveting on

(1) The

(2) The

(3) me

(4) The

range of

mK!fl m No. 1737

have been considered in this investigation of
panel

ratio of stiffener

slenderness ratio

ratio of stiffener

strengths:

thickness to skin thiclmess %1%

L/p

spacing to EMn thiclmess ~/@

ratio of stiffener width to stiffener thiclmess ~/~

values tested for each variable is given in table 1, which
also includes the references in which the data are

The results
thichless lqf/~

L

P

L/p

w

b~

bA

bw

bF

%

%

d

P

h

Crcy

i3f

c

length

radius

of varyhg the ratio of stiffener
are given in the present paper.

S’YMEOIs

of spcimen, inches

of gyration, inches

slenderness ratio

width of specimen, inches

spacing of stiffeners on sheet, inches

width of

width of

width of

attachment flange of stiffeners,

presented. -

tidth to stiffener

inches

web of stiffeners, inches

outstad.hg flange of stiffeners, inches

thiclmess of sheet,

thiclmess of web of

diameter of rivets,

fiches

stiffener, inches

inches

pitch of rivets, inches

depth of countersink for

ccmqmessive yield stress

rivets, inches

formateria.1, ksi

aveiage compressive stiess at failing load, ksi

coefficient of end fixity in Euler column formula
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R

compressive load

radius of bad

.

~er inch of panel width, HIM per tich

TEST SPECIMENS AND ME!I!HODOF TESTING

For all parts of the investigation.- The spec3mens consisted
of 24S-T aluminum-alloy panels ha- longitu&lnal Z-section stiffeners
as shown in figure 1. The stiffeners were riveted to the sheet with
A17S-T flat-head rivets (J@@AD). In aH cases the tiimum rivet pitch
used was equal to three times the rivet diameter. The rivets were driven
by the NACA flush-riveting process in which tbe rivet is tisorted with
the head opposite the countersunk end of the hole, the shank of the rivet
ia driven into the cavity formed by the countersink, and the excess
material is removed with a milling tool. A countersti angle of 60° was

. used.
●

Ultimate compressive loads for the spechnmm were determined in a
hydraulic testing machine having inaccuracy of one-half of 1 percent
of the load. The ends of the specimens were ground accurately flat and
parallel h a special grinder, and the method of allnement ti the testing
machine was such as to insure a uniform bearing over the ends of the
syecimend.

For the present of the investigation.-Five width-to-thickness
ratios for the stiffeners, corresponding to values of ~/~ of 20, 25,
30, 40, and W, were investigated. (See fig. 2.) Two thicknesses of
sheet were used to give two ratios of stiffener thiclmess to sheet ‘&ick-

(

%ness —
)

= 1.00 and O.63. The lengths of the PIE were so chosen
()
&=20

% bs P
that no column bending failures occurred. The proportions — = 25,

bA %
k

— = 9.5, and
%

— = 0.4 were the same for all panels.
%

The with-grain compressive yield strength IScy of the material

before fomning wns found to be as follows: 47.2 ksi (max.), 45.2 ksi (av.),
and 44.0 k+. (min.).

RESULTS AND DISCUSSION

The results are
calculated simply as

Tresented in figure 3 and table 2. b fig~e 3,
the failing load divided by the cross-sectional

~f>

area of the panel, is plotted a@inst the ratio-of the rivet “diemgter

-..-—-— --......______ -._____ —...-— ----
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4 IQCA TN No. 1737

to the sum of the thiclmesses of sheet and stiffener in order
%%

to present the results in a mezmer similar to that used in refemmces 2, 3,
end 4.. Figure 3 shows that for all values of ~/tS and bW/~ investi-

gated the compressive stiengths increased with either an increase in the
diameter of the rivets or a decrease h the pitch of the rivets.

These results differ from those of reference 5 in which the compressive
stiength of Z-stiffened shells was found to change very little with rivet
spacing when failure occurred by local bucklinn of the stiffeners. The
pauel tests described in reference 5, however, covered an entirely differ-
ent range of proportions from that of the present investi~tion. In—

(% bS
reference 5 the proportions covered were such

)
_=20r3, —=39
t’s %

that the sheet contributed only a small amount to the load-carrying abili~
of the assedily. Changing the rivet pitch over the range investigated

( )~ereti ~ . 14 to 50 , or even increasing
w+~

values of +

s%
so that the sheet contributed

it to considerably

a negligible load-

I.arger” “

cerrying capacity, would be e~ected to produce only small changes in
psnel sirength.

COI?CIXIDINGREMARKS

Results me presented of an investigation to determine the effect
of varying the rivet diameter and pitch on the compressive strength of
flat 24-S-Talmdnnn-alloy Z-stiffened pnels of the type for which design
cherts ere available. The present part of the investigation is concerned
with pne~ which have various values of width-to-thichess ratio of
the webs of the stiffeners and have such length that failure is by
local bucklhg ● The results show that for these pmels, regardless of
their width-to-thiclmess ratio, the canpressive stxengths increased
appreciably with either en increase in the diameter of the rivets or a
decrease in the pitch of the rivets.

Langley Aercmautical Laboratory
National Advisory CcmmMttee for Aeronautics

Lsngley Field, Va., Sept4ber 11, 19~
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6 NAC.ATNNO. 1737

TABLE l.- RANGE OF VALUES TESTED lN3REACH

VARIABLE IN THE llWEYTIGATION OF TEE

EFFEUT OF RINEJXNG ON J?ANILS-GTE

% & : * Reference
G p z

0.51
.63
“79 20 25 20 2

1.00
I .25

20
0.63 40
1.00 70 25 20 3

120-

25
30

0.63
1.00

20 z s20
50
a
75

20

0.63
25

20 25 2ra8ent
1.00 E wFer

50

4

4

.

-

.
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TABLE 2.- NONINALDIMENSIONSOF Z-STIFFENEDPANELSAND TEST RESULTS .

@ONING EFFECTSOF VARYINGRIVET PITOHAND IUVETDIAHETEFt

7

Dim. Of

‘i}) Ip:f$’’lge?i’y:::d’lt
Dmpth of

ri7ete., oounterslnk,

(i:.)

Its = 0.064 in.; bB = 1.60 in.;L = 10.kO M.; W = s.64 in.; ~= 1.2g In.; ~ = 0.51 in.
I

ba %
~

= 1.00;
q

Z258; q=20 .

3/16 43.050 1.233

1/16
3/g

$@&
1.MO

0.035 1.013
1;j!?6 . 1.093
1~ 29.300 .dw

% 26.700 .76g

9/32 44.E!OO

3/32 .040
;$ ~4~.~;

U&

&:035
1.069

15/16 1.140
1~ 33.400 .950

~ 30.700 .E!91

;$: . b~:~~
1.317

m .050
1.227

15/16 %1. po

%.

1.M6
34.750 .990

lJ 32.200 .(356

15/32 45&xJ 1.3M
43.L!70

5/32 .060 1:$6
1.1 7

40.5fM z

~6

1.1 2

36.100 1.032

~ b33.soo .973

9/16
b

.340 1.329

3/16 .065 l~{?6
1.232

Uo”:lg

%5

1.160
37.6oo. 1.077

4 %3.KM “ .96g

44.4g5
l~j;6 44.4’g5

1.272
1.290

l/4 .065 1~6 38.900 1.104
1 35.350 1.022

aDatafor %~ = 25 la from referenoe2.
s T

bA~er~e Of tUo teats. ●

.

.- — - —-- —-— .-—----- --—- -—— —-- -- -— --———— ——— .-— _.— .. .. ..
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TABLE =’.- NOHINALDIMENSIONSOF Z-STIFFENEDPANEL9AND TEST RESOLTS- Continued

.

—.

Ih!n. or Depth or Pltoh or Averageetreaa
rivetn, oountaralnk, rivets, at faQlnE load, u%

[ln~) (in?) (1:.) ‘f
~kel) (ksl)

tB = 0.064 in.;ba = 1.60 In.; L = 12.60In.; U = 6.64 In.; ~ = 1.60 in.; br = 0.”64in.;

~ = 1.00; ~ ’25; : = 25

3/16 43.300 1.051

l/16
3/s 41. 00

z
1.010

0.035 .
1~z6

ys. 70
37,atso

.945

.920

1~ 32.790 .E!ol

1$ 26.850 .665

;$~2 43.290 1.054
42.0 0

3/32 .040 2 ::%:41.70
1~j!6 39.340 .95t!
l% 34.560 .844

lJ 30.200 .751

42 20;$
42L0

1.042

M! .o~
1.042

15/16 39.140 .953
1~

35.970 .g76

lJ 31.920 . 95
15/32 43.610 1.060

43.JPjo
5/32 .060

k

1~’?6 40.220
1.053
.977

36.U.20 .882

; 33.760 825
9/16 41.910 1.Q23

42.ggo
3/16 .065

1.OM
1~$?6 40.959 .996

1~ 36.510 .g78

% 33.460 .614

41.230 1.002
1/4 .065 1~$?6 40.210 .975

l&
37.540 .906

~ 33.310 .610

.— .——-- — -—-,- ————
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TABLE 2.- HOXLNALDIHENSION80? Z-STIF_ PANEM AND TEST R!MJLTS- Continued

o

]i~. Of Depth of Pltollof Averagentress
rlveta, countersink, rivets, at fd_llngload, A

U:. ) (1:.) (1:.) ‘f
(ksi) (hi)

bS = 0.064 in.;ba = 1.60 In.; L = 15.66 In.; H = g.64 in.; bU = 1.92 in.; ~ = 0.77 in.;

$=1.00; ~ %= 25; ~
w

=30 ‘

3/16 39.790 o.gg6

1/16 0.035
38.810 .g75;g
37,450

15/16
.g42

35.390 .791
1~ 31.830 .710

lJ 21j.360 .566

9/32 39.040 .880

3/32 .040
;% 39.250 .890

?
3g. 80 .872

15/16 37. 70 .841
l% 34.640 .777

1$ 29.290 .65g

3/8 39.700 .901 .

m .050
3g.970

1~j?6 .
.J3i3

37.990 $.8 9
1~ “ 34.940 .783

lJ 30.153 .676

l;;~2 39.320 .887

5/32 .060
39.190

15/16
.u&J

37.t!50 ..s47
1~ 36.730 .g27
Ii -31.420 .701

9/16 39.390 .665

3/16 .065
39.250

1~fi6
.ggt!

36.020

%

.g54
37.110 .838

Is 32.YJo “ .729

3/4 37.950’ .g56
1/4 .065 15/16 37.530 .243

1~
36.83o .i330

~ 33.140 .746

——.. .—.. .- . -.. .—. —..— ....+.+ — ... . ———- ..—. — ————
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TABLE 2.- I?OHINALDIMENSIONSO? Z-STIFFENEDPMELS AND THT RESULTS- Oontlnued

lam.of Depth of Pltoh of Averagostress
civets, oounterolnk rlvetn, at fal:lng10uI, L%

(1:.) (in!)
U*

(ln~) (hi) (kni)

= 0.064 In.;b~ = 1.60”in.; L = 20.@ In-; N= 8.64 Q; % = 2“% ‘n.; % = 1.02 in.;
B

tw bs
= 1.00; h

~ ~ ’25; ~=~

3/16 30.940 0.609

I/16
3/g 29.930 .5g9

0.035 28.830 .567
1% 26.530 .518

% 25.170 .4g6

1; 23.640 .477

!99~2 31.040 .638
31.110 .623

3/32 .040 30.370
1$j!6 2g.lgo :X

1~ 26.870 .530

4 25.060 .502

3/g
};%

.636

.602
Ull .050 1~$6 .56g

1~ 27.100 ,543

4 25.Yoo .524

15/32 31.7(s0 .63g
31.af50 .624

5/32 .060 1$6 29.780 .596

1~6 29.300 .579
l? 26.470 .529

~~6 ;;.~;; ,62g
.613

3/16 .065 15/16 30:770 .6o7

1~ 2g.FwO .568

% 26.170 .514

.642
1/4 .065 1~$?6 ;;::;: .598

1~ 29.220 .576

14 27.110 .530

,

.

.

,

.
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TABLE 2.- fioN.lNALDIHEM310NSOF Z-STIFFENEDPAMCLSAND TS9T NESULTS- Continued

.

DIam.Of Depth of Pitoh or Average stress
rlveta, oounteremk” rivets, at r~>ingload,
d

T%

(in!) [m? )
q

(lIl.) (kBi) (ksl)

t~ = 0.064 in.;ti =1.6oln.; L= 26.04i.n.;u=8.64 in.; %=3-20 tn.; %=102g in”;

%
g

z 1.00;
g ‘25;q=50

;$6 2 .660
i

0.520

U16
2 .860

0.035 . ~ 25.390 :2:2
1~$;6 23.160 .434

% 22.320 .421

la 19.510 .366

;$J2 27.ggo
27.560

.536

.525
3/32 .040 27.130

1~$?6 25.190 :2$

1~ 23.740 .446

la 21.030 .396

3/8 .521

1~{;6
~:g .516

l/i3 .050 . .503

1~ 25.2m .475

%? 21.690 . .409

l;;;e 26.230 .542
2t!.4oo .544

5/32 .060

$s

15 16 27.30 .515
1 25.7LI0 .4g5

1+ 23,cQ0 .435

~$6 2tt.060 .527
2 .540
i

.517
3/16 .065 15/16 2 .s3,0 .502

1~ 25.56o .4Eto
1* 23.2UJ2 .437

1/4
3/4 26.010

.065 15/16
. .526

27.310 .5011

1~ 26.UJ!O .496

1$ 24.Y40 .460

-=s=

.

—.. —. —-—-—....—-. . ..-— ..— -.—— ------- —.—,.—- —.-. _ —— —------ ... . . .. .. .
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*

TABLE ‘2.- HONIHALDIJEWSIONSOr Z-ST-H PANELSAND TE2T WOLTS - Oontinued

m. Or Depth or ‘Pltoh’of Averagestre”ss
lvete,

“PI
oountarslnk rivets, at rollingload, w

l;n.) (&.) (1:.) Zf
(ksi) (kei)

= 0,102 in.; bS = 2.55 In.;L = 9.44 in.;W= 13.39 In.; ~= 1.2g in.; bF= 0.51 in.

bs %
$=0”63; ~ .25a;~=20

;;.;OJ 1.412;$~g
1.28g

3/32 0.050
7/&l 38:170 1.2M!!

% , 35Jloo 1.15g

9
1

34.500 1.12g
2 30.000 .gt!k

43.mo
~~6 40.400

1.445

l/g
7/s 39.700 ?:2;;

.060
$
1 37.800 1.237

%
1

35.500 1.167
2 30.240 .9g4

l;$~; b43.590
bh2.335

1.431

7/8 41.050
1.3s!!s
1.~lo

5[32 .070 %
1 37.&o 1.236

9
11

35.750 1.16g
2 31.WO 1.049

9/16 %.150
7/is obl.150

1.451
1.327

3/16 .Ogo
b
1 y3.1300 1.263

$
11 ys.150 1.2 J
2 31.900 ?1.0 2

3/4 44.050
7/g b43.000

1.471
1.37g

1/4 .090
&
1 40.7txl 1.329

lg ig.ml 1.307
2 34.100 1.120

aDatafor ‘s ~
~

25 10 from referenoe2.
v

bAverageof two tests.

‘Averageof threeteete.

.– _ .. ____ ... ..—_.,.-,.,

.
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TABLE 2.- !WHINALDIHENSIONSOF Z-STIFFENEDPANELSAND TEST RESULTS- Continued

.

lDlam. of I Depth of I Pitohof I Averagestress I P. I
rlvete., countersink rivets, at fallingload, l%

t~n.) (i:.) & ) Zf
(kd) {kal)

o.1o2 In.; bs = s.55 in.;L= 11.64 in.; W=t~= . 13.3g in.; ~= 1.60 in.;~= 0.64 in.;I
tw bB

= 0.63; ‘h
~ —=25; ~ =25t3

9/ 2
?

42.&m) 1.106
916 40.!jgo 1.049

3/32 0.050 7/g 39.100 .990

$
1 36.210 .9X!

3
11

35.4s0
2

.92
2g.8go .75?

I I

42.650 1.102
$$ 41,910 1.Oi’g

l/g .060 40.190 1,034
7
1* 39.060 1.005

$
11

36.500 ,947
2 34.150 .t$gl ‘

15/32 43.5go 1.1221
g/16

5/32 %%
1.118

.070 7/8 1.033

+12 40.510 1.051

3
~1

37.470 , .g@
. 2 33.aoo .g74

g/16 42.170 l.om
7/g 40.340 1.041

3/16 .Ogo
b
1 39.7130 1.030

1%
37.390” .9!M

2 33.E$50 .&2

3/4 42.96o 1.123

1./4
7/~ 41..!?30 1.Ogo

.090
$
1 40.560 1.049 ‘

11
4 37.420 .967
2 j4.jgo .g99

-._e--- .
_ _. —..--— ——

- ,...— —.— ~- —.- .— — —.———— ----



14 MACA TM MO. 1737

TABIz!2.- NOWAL IXMENSIONSOF Z-STIFFENEDPANEL9AND TEST RESULTS- Oontinued

k-. Or Depth of Pltoh of Averagestress
‘ivatn, uounteralnk rivet.9, at failingloacl,

‘1

d L773
(in.) (1:.) (R. ) zf

(ksi) (kei)

,= 0.102 In.; bg = 2.55 in.; L = 14.52 in.; M = 13.39in.; bH = 1.92 in.; bp = o.77 In.;

tu b9 %
q = 0.63;~ . 25; ~ = 30

9/32 39.410 0.900

3/32
3 .690

%6 i
.g41

0.050 3 .090 .Km

$
1 35.060 .778
11
3 32.L150 .733

2 30.400 .672

39.800 .m
SZ6 38.96o .6 i

1/6 .060 7/g 37.780 .g‘&

+ 36.OOO .L!05
@

33.960
2 : ;?:33.460

1;$:: 39.970 .&%3

5/32 .070
39.110 .g6g

7/13 37.1350 .036

1$ 37.g60 .lm’5

1% 35.990 .803
2 33.290 .753

9/16 ,Zg.210 .Sx!
.7/g 37.910 .e141

3/16 .Ogo
% 37.070 .g29

&11 36.080 .goz

2 33.290 .741

39.guo ..s83
;% 39.400 ‘.g71

I./k .090
+12 38.220’ .g45

. lg 36.570 .g14
2 33.930 .754

v

,

“,.

.

●

✎

. . —.-v —z - -—.-——— .- —- -- —
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T4BLE 2. - HOHINALDIMENSIONSOF Z-STIPFENEDPANELS’MD TE9T RESULTS- Continued

NACA ~~0. 1737

D:iQ&.t;,f Depth of Pltoh Or
oounteraink

Averagestress
rivets,

h at failingload, U%
[i:.) (in.) (1:.) zf

(kal) (ksi)

t~ = 0.102 in.; b8 = 2.55 in.;L = 20.00 in.;u = 13.39in.; ~= 2.56 in.; bF = 1.02 in.;

bS
s = 0.63; %“—=25; &=k0Zs

/ 9/32 32.Eo
?0

0.601
~~6

3/32 0.050 2::!10 :;:?

b1 z!a.010 .5og
11
$ 26.500 .4g7

2 25.700 .47k

32.910 .602
;/# 32.850 .597

l/g .060 30.500 .Syl

k
1 29.5go .543

$
11
2

2 .96o
z2 .610 :?%

15/32 32.820
~$6

.Sgg
32.50

i
.593

5/32 .070 31. 10 .577

1~ “ 30.560 .56o

1* 29.110 .533
2 2t!.020 .517

y36 33.440 .616
32.lti .5811

3/16 .Ol?!o
+ 30.920 .564

f
19 29.510 .535
2 27.930 .507

33.110 .602;{;
33.3i30 ‘ .614

l/4 .090 ,
F
12 32.110 .566

+
11 31.130 .573
2 30.270 .556
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TABLE 2.- NOHINALDIMENSIONSOF Z-STIFFENEDPANELSAND TEST REsULTS- Conoluded

Dlam.Or Deptfiof Pltohof Averagestress.
rivets, oounterolnk rlvete,

h
at fallingload, L&

(!n.) (iL.) (1:.) zf
(kai) {ksl)

t~ = 0.102 in.;bs = 2.55 In.;L = 25.70 In-; U = 13.39 in.; ~ = 3.20 in.;bF = 1.2g in.;

b %
~ = 0.63; ~ = 25; = = 50

29.500
;% 27.8go ‘ ‘B:

3/32 0.050 25.590 .405

1
b 23.540 .327

l% 22.290 .354
2 21.67o .343

3/g 30.170 .U1
;+y 29.190 .465

l/t$ .060 27.220 .432

1$ 26.750 .425

l% 24.000 .37g

2 23.450 .j7g

15/32 30.170
~~6 29.620

5/32 .070 29.000 M

+ 27.110 .433

x
132 25.670 .409
2 24.6oO .394

:%6 29.350 .466
2i3.&30 .45g

3/16 .Ogo 1$ 27.650 .441

9
11

26.070 .415
2 24.650 .393

3/4 >1.3i30
7/g 29.520 :%:

1/4 :090
1$ 29.230 .46!3

lyj 27.450 .434
2 26.640 .427
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Figure .3- Vurhion in compressive strengfh of panek WIM rivet diumeter.
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Figure .3-Cone/uded.
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